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Stutiies  were  cade  of  the  effects  ti;on 
alTeolar  gases  and  electroeccephslograss  of 
rapid  deccspreasios  froa  8<000  feet  at  1.6  and 
12  sec  with  oxygen  deliaery  5 =in  before, 
Issediately  at,  and  8 sec  after  the  beginning 
of  the  deconpression.  The  findings  showed 
that  hypoxia  induced  by  delayed  oxygen  delirery 
was  lees  on  the  slower  dscospreosion.although 
it  waa  always  severe , even  when  oxygen  was 
delivered  at  the  beginning  of  the  deconpression. 
A linear  relationship  was  desocstrated  between 
the  intensity  of  the  hypoxia,  deduced  fros  the 
changes  of  alveolar  and  the  increased 
activity  (variance  index)  of  the  8 - 16  Hz  band 
of  the  frontal  eeg. 


Hypoxia; 

alveolar  gas  tensions; 


rapid  decompression; 
electroencephalogram. 
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The  occupants  of  oodem  bish  altitude  aircraft  are  norsalljr 
protected  asi^^^  ^e  lov  pressure  environnent  is  which  these  aircraft 
^■7  pressurisation  of  the  cabin.  Srperience  has  shown,  hoyever, 
that  either  the  structure  of  the  jcessure  cabin  or  the  pressure  control 
ejetts  cas  fail  during  flight  and  thus  tbs  consequences  of  exposure  to 
low  enviroEsental  pressure  =ust  be  considered.  In  certain  operational 
end  all  coders  transport  aircraft  the  cagnitude  of  the  pressurisation 
is  such  that  the  cabin  altitude  does  not  exceed  8,000  ft  when  the 
aircraft  is  flying  at  its  ceiling  and  in  these  circucstancea  it  is 
usual  for  the  occupants  to  breathe  air  throughout  flight. 

Several  previous  studies  (Emsting,  Gedye  and  KcEardy,  1960; 

Bryan  and  Leach,  1960)  have  deconstrated  that  if  the  altitude 
iccodiately  after  a sudden  decospression  exceeds  35i000  ft  a signifi- 
cant inpaircent  of  perforcance  will  ensue,  even  if  1005^  oxygen  is 
breathed  it=ediately  the  decoepreesion  coccences.  In  order  to  prevent 
this  iepairaent  of  perforcance,  the  concentration  of  oxygen  in  the  gas 
breathed  before  decospression  cuet  bo  raised  by  an  eaount  which 
depends  upon  the  pressure  in  the  intact  cabin  (Emsting,  HcHardy  and 
Koxburgh,  196O;  Erasting  1965a).  In  the  previous  studies  conducted 
in  this  laboratory  the  tiae  of  dccoapression  eeployed  was  1.5  to  2.0 
sec.  Although  this  duration  of  dccoapressioL  can  occur  in  certain 
operational  aircraft,  the  shortest  tiae  of  decoepreesion  which  is 
lihely  in  aodem  transport  aircraft  is  of  the  order  of  12  to  15  sec. 

The  present  study  was  v^Jertaken  to  deterciac  the  effect  of 
increasing  the  dur'tion  of  decoapression  over  the  range  8,0.?0  ft  tc 
*0,000  ft  froB  2 sec  to  12  sec  upon  the  intensity  of  the  consequent 
hypoxia.  Oxygen  was  delivered  to  the  subject’s  oask  either  iaaediately 
the  decoapressioa  ccaaenced  or  following  a delay  of  8 cec  froa  the 
beginning  of  the  decospression.  Control  expuricents  in  which  the 
subject  breathed  oxygen  before,  during  and  after  the  decoapression 
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v«r«  also  perfoimad.  Bia  istanaitj  of  th»  hjpoxia  vas  dataraisad  by 
racordlog  costisoonaly  the  taosloss  of  ozygan  and  carbon  dioxida  in 
^ba  raopirad  gaa  togatbar  with  tba  alactroaneapbalograa  (eag). 

rniBOPs 

Subjaeta 

Tbraa  beiilthy  sala  subjects,  vbosa  ages  rangadfroa20  to  33 
years,  ware  used. 

Caeoapraesion  Cbanber 

Iha  subject  was  seated  in  tbe  one  =an  cocpsrtcant  of  a three 
cospartaent  decocpresslon  chasbar.  Ee  was  secured  in  the  seat  by 
aeans  of  an  adjtutcble  harness,  iha  cozpartaent  could  be  rapidly 
evacuated  through  an  orifice  into  a large  reservoir  oy  opening  a 
pneusat.  cally  controlled  valve.  Tbt  pressure  in  the  reservoir  was 
radjced  before  each  dacospreseion  to  a value  which  allowed  equili- 
bration of  the  pressures  in  these  two  corpartaente  of  tbe  chanber  at 
the  desired  final  value  (l4l  ea  Hg  absolute).  Orifices  were  used 
which  provided  durations  of  decoopression  (tioe  for  cocplotlon  of  90St 
of  the  total  pressure  change)  froo  a sioulated  altitude  of  8,000  ft 
to  one  of  ho, 000  ft  of  t.G  and  12.0  sec.  A cedical  officer  was  held 
at  an  altitude  of  8,000  ft  in  the  lock  to  tbe  subject's  coepartaont. 

Brea".hing  Equipaent 

Tbe  subject  wore  on  cro nasal  cask  fitted  with  inlet  end  coa- 
pensated  outlet  valves.  A length  of  flexible  hose  5 ca  in  dlaaeter 
with  a capacity  of  2 litre  was  attached  to  tbe  inlet  port  of  the  nask. 
Vben  required,  oxygen  was  passed  into  this  hose  at  a point  2 ca 
upstream  of  tbe  inlet  port  of  the  mask  from  a reducing  valve  placed 
outside  the  decompression  chamber.  Tbe  mass  flow  of  oxygen,  which 
wan  controlled  by  a metering  orifice  and  o shut-off  valve,  was  set 
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at  15  litra/ais  (at  ?60  aa  *Bd  15^C).  PraUatnary  azpariaaat 
ahovad  that  thia  ayataa  delirarad  a TOlcae  flov  of  80  L/ais  at  as 
ahaolota  praaaora  of  141  aa  Sg. 

Beaplratonr  Kaaanraatsta 

Tha  abaolttta  praaasra  in  tha  dacocpraaalon  chaabar  waa  racordad 
by  aaans  of  a strain  gauga  trassdusar> 

'The  expiratory  voluse  was  recordbd  by  connecting  tha  ontlat  port 
of  the  cask  to  a heated  capillary  flowoater.  nia  preasnra  difference 
created  by  flow  through  the  flowceter  was  meaan^'ed  with  a strain 
gauge  transducer^  Th>  asplified  output  of  this  transducer  was  inte- 
grated with  respect  to  tine  and  the  Integrated  output  recorded 
continuously.  The  output  of  the  integrator  was  brought  to  0 every 
JO  sec.  The  record  of  expiratory  voluae  was  calibrated  before  and 
after  each  experiaent  by  passing  known  voluaes  of  air  through  the 
flowaeter  froa  a spiroaeter  at  ground  level.  Prelininary  experioents 
had  doaonstrated  that  the  output  of  the  integrator  for  the  passage  of 
a given  voluae  of  gas  through  the  flowaetor  aeasured  at  the  pressure 
of  the  envlronoent  was  indepsadeat  of  the  absolute  pressure  over  the 
preosure  range  of  ?60  to  1*K)  ca  Hg. 

The  partial  pressures  of  oxygen  and  carbon  dioxide  (Poj  and  BcOj 
rerpectively)  in  the  gas  flowing  through  the  oronasal  vask  were 
recorded  continuously  by  oeans  of  a respiratory  coass  spectrometer 
(Fovier  and  Hugh  Ofoues,  1957).  2be  instrument  was  mounted  close  to 
the  external  surface  of  the  decompression  chamber  and  the  heated 
sampling  lino  psesed  through  the  chamber  wall.  The  tip  of  the 
campling  probe  was  placed  in  the  cavity  of  the  subject's  oronasal  aask. 

The  outputs  of  the  instrument  were  calibrated  by  exposing  ths  tip 
of  the  probe  to  gas  mixtures  containing  known  PO28  PC02®>  ® 

simulated  altitude  of  8,000  ft  before  each  rapid  decompression  and 
iomedlately  following  the  completion  of  each  experiment  at  a simulated 
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altitude  of  to, 000  ft.  Tba  ralatiosahipa  betvato  the  Fq^  ^^CC2 
the  dij  gas  antariiig  the  aua  apactroaetar  aad  tba  daflactions  of  tba 
C'^-raapondlsg  pan  aotor  vara  fousd  to  ba  Unaar  and,  in  the  ataadj 
atata,  tmaffactad  bjr  reduction  of  enrironaental  preaaiira.  On  rapid 
dacoaprasaion  frea  8,000  ft  to  to,000  ft  in  1.6  sec, with  tba  instmasnt 
saapling  gas  of  a constant  cosposition,  tba  tine  taVen  for  9055  of  the 
response  to  the  consequent  fall  of  the  partial  pressure  of  a constituent 
vas  3.2  cec. 


1 


Dectroencephalograa 


Three  channels  of  eeg  activity  were  recorded  fron  four  electrodes 
arranged  a nt ero- posteriorly  over  the  subject's  doxinant  cerebral 
hecisphere  (electrode  positions  3,  10>  15  aad  18  or  3,  15  and  17  in 

tho  10/20  systea).  The  electrodes  consisted  of  fine  hypodoroic  steel 
needles  (26  swg)  to  each  of  vhicb  a firs  vire  had  been  soldered.  An 
earth  electrode  was  attached  to  one  lower  llcb.  The  potential  changes 
at  the  electrodes  were  asplified  and  recorded  on  a direct  inh  writer. 
The  outputs  were  calibrated  at  the  beginning  and  end  of  eecb  experisent 
by  applying  a potential  of  50  oicrovolto  to  the  input  of  each  acplifier 
channel.  In  order  to  calutain  a constant  level  of  alertness  the 
subject  perforued  a sequential  notor  task  (Godye,  '’96*')  which  involved 
the  repetition  of  a prerfcusly  learned  sequence  of  8 digital  operations 
every  5 sec.  The  subject  was  able  to  aonitor  his  cwn  perioivtanco  by 
a visual  display. 


The  outputs  of  the  various  ospllfiers  were  fod  onto  appropriate 
direct  writing  and  brotide  f/aper  ;nlvcn>.actor  recordere.  In  cdditlon 
the  eloctrical  outpulf,  representing  pieseure  in  the  decooprcsslon 
chaabsr,  integrated  expiratory  flow.  Bog,  throe  channel', 

ol  eeg  activity  were  fed  onto  cagnotic  tope.  The  icogattic  rcciording 
tape  was  indexed  before  the  experioeotal  record  was  cade  (Goddard  and 
Pennell,  I96*t).  This  tape  index  was  pre.'iented  visually  to  the 
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exparAcentera  to  allow  aubsequast  Idaatiflcatlon  of  specific  oTants. 

In  o:-dar  to  ansura  that  the  alactrical  outputs  vara  bein£  recorded 
satisfactorllj  on  tha  cagnetic  tape  the  output  froo  the  play-back 
bead  of  tba  tape  recorder  was  connected  through  appropriate  amplifiers 
to  a 12-cbannel  direct  ink  writer.  Ihe  ezpericenters  monitored  this 
play-back  record  by  cen'.s  of  a closed  circuit  television  system. 

Conduct  of  the  Brpericent 


Each  subject  was  exposed  twice  to  each  of  six  conditions.  The 
six  conditions  were  the  two  rates  of  rapid  decompression  (fast  and 
slow),  each  of  which  was  repeated  thrice  with  varying  tines  of  oxygen 
delivery.  Thus  oxygen  was  delivered  to  the  subject  either  5 oio 
before  the  rapid  decompression  (oxygen  throughout),  immediately  the 
decocpreBslon  occurred  (oxygen  early),  or  8 sec  after  the 
commencenent  of  the  decompression  (oxygen  late). 

The  seriwe  cf  exposures  of  each  subject  were  arranged  in  four 
sessions  each  consisting  of  three  decompressions  with  a constant  rate 
cf  decompression  in  a given  session.  The  rates  of  decompression 
(slow  and  fast)  were  alternated  for  each  consecutive  session.  In  a 
giv.n  session  of  exposures  oxygen  was  delivered  at  each  of  the 
specified  t.'mee  once.  The  order  of  oxygen  delivery  times  was 
randomised  using  a balanced  design. 

Before  each  exposure  to  reduced  pressure  the  acceptability  o. 

;he  quality  of  the  recording  of  the  outputs  of  the  flow  integrator, 
the  respiratory  osse  spectrometer  and  the  oeg  were  checked  at  ground 
level.  The  subject  «ns  then  dacooprebsed  In  JO-60  see  to  r simulated 
altitude  cf  3.XO  ft.  A period  of  5 “is  van  spent  at  this  nltltudo 
with  the  subject  breathing  aitber  air  oj  oxjgon.  Ewing  the  initial 
part  of  thie  period  l*>->  subject  was  presented  with  a now  pattern  to 
learn  on  tne  iiiotoi  task.  This  he  repeated  until  be  considered  that  he 
cae  proficient  at  the  task.  At  the  end  of  this  period  the  various 
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recorders  I including  the  ugnetic  tape  recorder,  were  set  in  ootion 
end  the  ecceptablllty  of  the  recordings  checked.  Du  subject  was 
instmeted  to  close  bis  eyes  for  s period  of  about  10  sac  and  the  eeg 
record  was  inspected  for  the  appearance  of  alpha  actirity.  When  the 
Subject  opened  bis  eyes  the  Botor  task  was  started  and  ha  collated  a 
series  of  at  least  12  coaplata  operations,  each  of  which  lasted  5 sec. 


it  the  coapletion  of  the  60  sec  control  period  at  the  aotor  task, 
the  subject  was  deeoapreesed  to  a simulated  altitude  of  40,000  ft.  Ee 
was  warned  of  the  instant  at  which  the  decoepression  would  coaaence  by 
a 3 point  cotmt-dovn.  Ihe  subject  was  instructed  to  breathe  out  dur- 
ing the  latter  part  of  the  count-down  so  that  when  the  dacoaprassion 
occurred  his  glottis  was  open  and  the  Toluae  of  gas  within  the 
respiratory  tract  was  relatively  snail.  Ihe  aotor  task  was  restarted 
autoEatically  at  the  beginning  of  the  decoapr^sslon.  If  the  subject 
had  been  breathing  air  before  the  decoaprission  the  orygen  supply  to 
his  Bask  was  turned  on  at  the  appropriate  ties.  Ihe  subject  continued 
perforsing  the  task  for  90  sec  after  the  rapid  decoapression.  Ihe 
recordings  ware  cocpleted  by  instructing  the  subject  to  shut  hici  eyes 
for  approzlBately  10  sec  and  calibrating  the  outputs  of  the  respira- 
tory aass  speetreaeter.  Xhe  dacoopression  ebaaber  was  then  recospressed 
to  ground  level  at  a rate  of  between  13,000  and  20,000  ft/ain  and  the 
syoptoBs,  if  any,  experienced  by  the  subject,  recorded,  Ihe  subject 
breathed  air  during  the  latter  part  of  the  descant  to  ground  level. 

In  each  session  of  3 decompressions  a period  of  at  least  13  sin 
separated  the  end  of  one  exposure  to  reduced  pressure  froa  the 
beginning  of  the  next.  Each  session  of  thres  decosprsssions  wss 
ssp^dUktsd  froa  the  preceding  session  by  at  least  l8  hours. 


gESOUS 

Syaptone 

Ihe  thres  subjects  successfully  cospletsd  the  series  of  rapid 
decospresslons  cosprleing  the  investigation.  Die  syaptoas,  reported 
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bf  the  anbjtct*  conalattd  of  -nxjisg  itgftg  of  diatwbuica  of 
eonsclousnassasd  tba  oecaaioaal  oecnrraaca  of  abdoaiaal  dlacoafort  or 
psla.  Iba  caatral  aarroua  afaptoaa  usually  appaartd  approxlBatsly  ^5 
sac  after  tha  basianlug  of  tba  rapid  dacoaprassioB  and  disappaarad 
bafora  tha  and  of  tha  fi?st  ainata  at  to, 000  ft.  fha  coaaonaet 
syaptoa  vaa  slid  confuaioa  which  was  varloasly  daacribad  an  ligbt- 
haadadaasa  or  dissicssa.  Ob  occaaiosa  thara  was  partial  loss  of 
vision, usually  in  tha  pariphaiy  of  tha  visual  fialds.  Tba  istea- 
sitiae  cf  tha  confusion  and  visual  disturbancas  were  assasaad  as 
aither  aild  (■•’)  or  savara  (-t-f).  Ihe  intanaity  and  nature  of  the 
sysptoas  varied  with  the  axperloantal  condition,  the  incidence  of 
syuptoss  is  susBarleed  in  Sable  1. 

lABU  1 


Incidence  and  Kature  of  Central  Nervous  Syanteaa 
Occurring;  after  Sapid  Decoaprasaion 


Wo  of 

Ko  of  deconprassions 

Condition  decoapresBlons  with  specific  sygptoas 


with  evaptoas 

Confusion 

iBpalraenl 
of  vision 

■f 

Fast  decoapresslon 

Oxygen  throughout 

0 

- 

• 

Oxygen  early 

5 

5 

- 

3 - 

Oxygen  ^tc 
Slow  dacoaprassion 

6 

1 

5 

2 2 

\ 


Oxygen  throughout 
Oxygen  early 
Oxygen  late 


0 

5 

5 


5 - 2 - 

2 3 2 - 


(Thera  was  a total  of  6 decoBprassions  to  each  expariaental  condltioB) 
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Abdosisal  ejMptoea  ocenrrad  in  9 oQt  of  the  38  ezperiBeats.  9>;se 
Bjaptcas  arose  dorisf  or  IflMdiatelj  after  the  rapid  dtcoapresslon  to 
^,000  ft  and  naoall;  renained  thronghout  the  duration  of  the  exposure 
to  this  altitude.  Tbej  were  reliered  bj  recoapressioa.  Bis  intensitT- 
of  the  STsptoas  railed  froa  one  subject  to  another  and  with  the  rate 
of  decoapression.  There  was  no  correlation  between  occurrence  of 
abdoainal  sTaptoxs  and  the  tiae  at  which  the  first  breath  of  oxygen 
was  dellrcred.  Ko  case  of  serere  incapacitating  abdcainal  pain 
occurred  in  this  study  and  the  intensity  of  this  syspton  was  classi- 
fied as  either  olid  or  aoderate  (Table  2). 

TABLZ  2 

Incidence  of  Abdoainal  SyBptoaa  after  Sapid  DecospreBaion 


Ho  of  decoBuressions  with  abdoainal  sjantoos 

Subject 

Fast  decompression 

Slow  decospression 

Hild 

Moderate 

Mild 

Moderate 

00 

0 

0 

0 

2 

FP 

2 

0 

k 

1 

DIF 

0 

0 

0 

0 

Alveolar  Ventilation 


I 

S 


1 


After  the  individual  values  of  tbs  tidal  volune  had  been  corrected 
to  the  pressure  and  teoperature  conditions  existing  within  the 
respiratory  tract  (btps),  the  values  of  the  pulmonary  ventilation  were 
calculated  for  various  periods  in  each  experiireat.  The  number  of 
breaths  in  each  period  was  also  deterained.  The  corresponding  alveolar 
ventilation  was  calculated  using  an  assuned  value  for  the  total 
respiratory  dead  space.  It  was  assumed  that  the  subject's  rc-j<iratory 
dead  space  expressed  in  ol  was  equal  to  his  weight  expressed  in  lb 
(Donevan,  Palmer,  Varvls  and  Bates,  1959)  and  that  the  effective  dead 
space  of  the  oronasal  mask  was  80  ml.  Alveolar  ventilation  was 
calculated  in  this  manner  for  the  60  sec  period  during  which  the 
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B«8T)lr»d  Oaa  Tenalong 

Tb«  rapid  dacoapreaaion  produced  m rapid  fall  of  both  Po^  and  P:02* 
Ihe  P02  resaincd  low  with  ohly  a erntH  difference  between  the  inspired 
and  ezitired  raluea  until  the  inspiration  following  the  instant  at 
which  the  oxygen  supply  was  turned  on.  the  P02  in  the  expired  gas 
then  increased  rapidly  to  attain  a relatiTely  steady  value.  The  PCO2 
-iso  Increased  following  the  rapid  decospression  to  a relatively 
steady  value.  Vith  the  rapid  rate  of  decoapression  gas  flowed  fros 
the  respiratory  tract  throughout  the  decospression.  In  the  slow 
decoapressions,  however,  inspiration  frequently  occurred  whilst  the 
pressure  in  the  chanbe^  was  still  falling*  Although  the  oxygen  supply 
was  turned  on  either  issediately  the  decocpression  began  or  8 sec 
after,  oxygen  could  not  enter  the  respiratory  tract  until  the  following 
inspiration  occurred.  The  interval  between  the  beginning  of  the 
decospression  and  the  first  inspiration  of  oxygen  was  seasurad  for 
each  experloent  and  the  seen  vaZ'ies  for  each  eon.  ition  are  presented 
in  Table  4. 


TABIE  k 


Tine  of  First  Inirpiratlon  of  Oxygen 

Kean  jpterval  between  beginning  or 
Condition  rapid  decospreesion  and  first 

inspiration  of  oxygen  (etc) 


Fast  decompression 

Oxygen  early 

5.5 

(2.0) 

Oxygen  late 

10.8 

(1.1) 

Slow  decospression 

Oxygen  early 

6.1 

(2.9) 

Oxygen  late 

11.0 

(1.5) 

Values  in  parentheses  are 

* standard  deviation 
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cospoaitlon  of  the  gas  is  the  Basic  ciiTitj  at  the  and  of 
expiration  vas  assined  to  represent  that  of  the  alreoiar  gas.  ^ng, 
hoveTer,  to  the  relatiTel;  long  response  tiee  of  the  aass  spectroneter 
to  changes  in  the  te.iaion  of  water  Tapour,  and  to  tbs  tesperature  in 
the  Bask  being  lover  vhan  that  of  the  alTeolar  gas.  it  was  necessary 
to  apply  a correction  factor  to  the  seasored  gas  tensions  to  obtain 
the  corresponding  values  in  the  alveolar  gas.  Ihe  ssgnitude  of  tbs 
cornictlon  was  calculatud  froa  the  observed  end  tidal  Pqj  ffcOg 
obtained  at  <t0,000  ft  in  the  experiaents  in  which  oxygen  was  breathed 
for  5 Bin  before  Jecospression.  In  these  experiaents  the  tension  of 
nitro,{en  in  the  expired  gas  aaounted  to  only  2 - ea  Hg  and  it  was 
assuaed  that  the  difference  between  the  sua  of  the  observed  Po^ 
ft02  a.nd  the  total  absolnte  pressure  in  the  aaak  (14;  bs  Hg)  vas  due 
to  water  vapour.  Ihe  aean  valne  of  this  difference  was  deterained 
for  all  the  breaths  during  the  exposures  to  ^ ,000  ft  in  which  oxygen 
had  been  breatbod  for  5 bIb  before  decoapression.  !Rsis  mean  valne  vas 
31.3  B3  Eg.  Ihe  factor  by  which  the  aeasured  Pq^  and  Pcoj  “or* 
aultiplied  to  give  the  corresponding  values  in  the  alveolar  gas  was 
obtained  by  the  calculation 
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Ck>rrectlon  factor  = ________ 

^ - %20 

where  Pg  = = environaentcd  pressnre 

^AEjO  = water  vapour  pressure  at  body  temperature 

= recorded  water  vapour  tension  in  expired  gas 

Tho  correction  factor  calculated  in  this  Banner  was  0.972  at  8,000  ft 
and  0.855  at  to, 000  ft. 


Ihe  corrected  values  of  the  alveolar  oxygen  and  carbon  dioxide 
teasionn  (PAqj  ^Acoj  breath  were  plotted 

against  tine  for  each  individual  cxperiaent  and  a s»ootb  curve  vas 
fitted  to  each  individual  set  of  data  by  eye.  Ihe  values  of  Eao2 
^*002  intervals  of  5 -lec  fro«  25  sec 
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Fig.  1.  Effect  of  rapid  decompreBeion  fro«  8,000  feet  to  to, 000  feet 
in  1./i  sec  (upper  curves)  and  12  sec  (lower  curves)  upon  alveolar 
'arbon  dioxide  tension  under  three  conditions  of  oxygen  delivery  vix; 
(a)  rxygen  breathed  for  5 Bin  before  the  rapid  decoapression  and 
threoghout  the  subseqnenl  period  at  to,000  feet  (closed  circles);  (b) 
air  breathed  before  the  dscoopression  and  oxygen  delivered  iaaedlately 
the  rapid  dscoopression  began  (crosses);  (c)  air  breathed  before  tbs 
dscoxpresslon  and  oxygen  delivered  8 sec  after  the  beginning  of  the 
rapid  decoapression  (o^en  circles).  The  rapid  dscoopression  coaaenced 
at  dee  0 and  each  point  represents  the  oean  of  6 experioents. 
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Tir^  ..  Effect  of  rapid  decocpression  frc3  o,OCX;  feet  to  feet 

m 1.^  oec  (upper  curve)  and  12  eec  (7ower  curves)  upon  alveoli.'  oxygen 
tension  under  three  conditions  of  oxygen  delivery  viz:  (a)  ox;",en 
breathed  for  5 oin  before  the  rapid  docoopreasion  and  throughout  the 
subsequent  period  at  ^,0CX)  feet  (closed  circles);  (b)  air  breathed 
before  the  decompression  and  oxygen  delivered  inaediately  the  rapid 
decoopreeslon  began  (crosses);  (c)  air  breathed  before  the  decoapression 
and  oxygen  delivered  8 sec  after  the  beginning  of  the  rapid  docois- 
prassion  (open  circles).  The  rapid  decompreasicn  connenced  at  tine  0 
and  each  point  represents  the  aean  of  6 exporiaents. 


b«for«  to  90  sec  after  the  btglim^Dg  of  the  rapid  decoL-oression.  The 
data  obtained  in  this  aanntr  verc  then  grouped  together  according  to 
the  ezperieental  conditions  and  analyses  of  Tariance  perfonted.  Ihe 
scans  of  the  sis  ralues  obtained  for  each  instant  in  tine  in  c given 
experiaental  condition  were  a^so  calculated,  ihe  curves  represtuting 


these  seas  values  are  presented  in  Figs  1 and  2. 


a.  Alveolar  Carbon  Dioxide  Tension 

The  PACO2  progressively  with  tine  during  the  period  at 
8,000  ft  before  the  rapid  decoepression,  reaching  a aean  value  of 
32,'t  c3  Sig  at  the  beginning  of  the  decoepression.  There  was  no 
significant  difference  between  the  aean  values  of  Paco2 
for  air  and  oxygen  breathing  at  8,000  ft.  Ihe  ainiaua  valiu  of 
the  PACO2  3)  occurred  on  the  first  breath  after  the 

decoEspression  in  the  short  duration  decospressions  but  it  was 
delayed  by  about  10  sec  in  the  slow  decospressions. 

Although  the  PAgo^  r«»ohsd  a lower  einisun  value  in  the 
fast  decospressions  it  recaised  lever  for  a longer  tine  in  the 
slow  series  than  in  the  fast  series  (Fig  1).  Beyond  to  sec 
after  the  decoopression  there  was  no  significant  difference 
between  the  values  of  PACO2  experiaental 

situations.  With  both  rates  of  decospressjon  the  tiae  of 
delivery  of  oxygen  affected  the  pattern  of  PAgo^ 

The  lowest  values  of  occurred  when  axjgta  was  delivered 

after  decoapression  and  the  highest  when  oxygen  was  breathed 
throughout  the  experiaent  (up  to  20  sec  after  decoapression  the 
differences  were  significant  at  P = 0.01). 


gen  Tension 


The  PA02  recorded  before  the  rapid  decoapression 

when  oxygen  was  breathed  throughout  the  experiaent.  On 


decoapression  the  Paq^  ^*11  gradually  to  attain  a new  steady 
value  soae  25-30  sec  after  the  beginning  of  the  decoapression 


(Fig  2).  This  value  did  not  differ  significantly  froa  the  aean 


for  all  experiaents  over  the  last  30  eec  at  to, 000  ft  (58.5  ■■  Hg). 
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Vhtn  air  vaa  breathed  at  8,000  ft  the  incrcaaed 
progreaslTeljr  with  tlse  to  reach  a scan  valoa  of  66.7  Eg 
is=ediatel7  before  the  decoapreaaion.  On  deccnpreaaion  the  Paq^ 
fell  rapldlj.  In  the  faat  decocpresaions  the  cinlaut  ?aq^  was 
reached  inedXatel;  after  the  decozpreaslon  (Fig  2).  The 
recoTerr  of  was  slower  when  oxygen  dalieery  was  delayed 
than  when  it  occurred  at  the  instant  of  decoapression  (the  aean 
differences  were  significant  up  to  20  sec  after  dscoa- 
pression,  P = O.O3).  When  oxygen  was  delivered  during  the  slow 
decoapressions  the  Paq^  fell  to  a ainiaua  value  at  the  and  of 
the  decoapression.  Ihe  values  of  Pa^  whan  oxygen  delivery  was 
delayed  were  significantly  lower  than  those  produced  by  the 
icaediate  delivery  of  oxygen  for  up  to  13  Btc  after  decoapression 
(P  = 0.001). 


TABLE  3 


Pie  Miniaua  Alveolar  Carbon  Dioxide  and  (bcygen 
Tensions  following  Rapid  PecoTOression 


Condi tion 

Kean  minimum  PACO2 

Mean  minimum 

(mm  Hg) 

(«■  Eg 

Fast  decompression 

Oxygen  throughout 

23.3 

57.5 

Oxygen  early 

19.7 

13.8 

Oxygen  late 

19.3 

ih.O 

Slow  decompression 

Oxygen  throughout 

22.7 

58.3 

Oxygen  early  . 

21.3 

27.5 

Oxygen  late 

21.0 

18.7 

Electroencephalograiii 


The  eeg  recorded  on  magnetic  tape  was  subsequently  analysed  using 
an  analogue  computer.  The  electrical  signal  recorded  from  a pair  of 
electrodes  was  analysed  by  passing  it  through  each  of  a series  of 
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filter  eeetloea  (with  fxwLtml  elopes  of  30  db/octsTs)  wMch  ssTe 
freqaeaej  bends  of  1-2,  2-4,  4-6,  8-l6  and  ^&-3Z  Ss.  Sis  oatpats  fros 
tbs  filter  sections  vsre  sqsared  to  reader  thea  saidirsetioatl  sad 
then  contiaaoaelj  iatefrated.  Ibe  iategrated  ontpet  for  each  of  the 
frequency  basda  ves  recorded  sisnltaaeonsly  agaiast  tiae.  Ibese 
cosputations  gave  tbs  sigaal  rarlaace,  the  slope  of  each  integrated 
oatpnt  being  proportioc-O.  to  the  eeg  actiTlty  in  that  bead.  Chaages 
in  the  slope  of  a Tarlaace  enrre  indicated  a change  of  sag  actirity  in 
that  freqaeacy  band  and  channel. 

A typical  record  of  the  analysis  of  the  anterior  channel  of  the 
eeg  froa  an  exparlaent  in  vhich  the  decospressica  was  fast  and  oxygen 
was  dsliTcred  at  the  beginning  of  the  decoapresslon  is  presented  ia 
Tig  3.  The  pressore  in  the  decospresaion  chasber  and  the 
aash  carity  are  also  shown.  There  was  a aariced  increase  in  the  slope 
of  the  Tariance  signal  for  the  8-l6  Ea  band  when  the  snbject  shat  his 
ayes  at  the  beginning  and  at  tha  end  of  the  sxperissnt.  I^trlng  the 
period  in  which  the  task  was  perforasd  at  8,000  ft,  the  slopes  of  the 
integrals  were  relatively  constant.  The  slopes  remained  onchanged 
during  and  icaedlately  after  the  rapid  deeoapression.  Sox*  15  see 
after  the  beginning  of  the  decospression,  however,  the  slope  of  the 
variance  signal  in  the  8-l6  En  band  suddenly  becase  steeper.  After  a 
further  10  sec  the  slope  decreased  progressively  until  the  original 
slope  was  attained. 


The  change  of  the  activity  in  a given  frequency  band  was 
expressed  es  a variance  index  (Byford,  1965).  This  index  was  calcu- 
lated by  dividing  the  value  of  the  increased  slops  which  occurred 
after  the  decoepression  by  the  slope  obtained  in  tbs  sane  frequency 
band  during  the  control  period  at  3,000  ft  before  the  decoepression 
occurred.  In  the  cajo.'ity  of  the  experioents  in  which  an  increase 
of  eeg  activity  was  seen  after  deconpression,  tbs  increase  occurred  in 
the  8-i6  Hi  band  alone.  The  lean  values  obtained  for  the  variance 
index  in  the  8-l6  Ex  band  for  each  of  tbs  conditions  studied  are 
presented  in  Table  6.  When  oxygen  was  breathed  throughout  an 
experiaent  there  was  virtually  no  change  of  activity  in  the  8-l6  Hi 
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Fig  3-  Effect  of  rapid  decozpreesion  froa  8,000  feet  to  *<0,000  feet 
lo  1.6  sec  kith  oxygen  delivered  at  the  beginning  of  the  rapid  decoo- 
preesion  upon  the  anterior  channel  of  the  eeg.  Traces  reading  froa 
above  downwards  are' (a)  proceare  in  the  deccirvrecsion  chanter  (Pb)', 

(b)  output  of  ea)  oximeter  Sao2  (roI  analysed  in  this  paper);  (c) 
integrated  expired  gas  flow  (Vg);  (d)  POg  in  mask  cavity',  (e)  tCCv 
in  r.isk  cavity;  'T'  to  (j)  variance  cf  ecg  signal  for  the  frequency 
bands  16  - 32  (f),  8 - 16  Pn  (g),  '<  - 8 V.z  (h),  2 - *<  Hz  (1)  and 
■>  - 2 tiz  (j);  (k)  tnpe  index.  Hote  the  rapid  increase  in  signal 
variance  in  the  8 - i6  Kz  band  when  the  eyes  were  closed  at  the 
beginning  and  the  end  cf  the  experiment.  The  variance  in  this  band 
tdso  increased  in  the  period  15  to  25  sec  after  the  rapid  decompression. 
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band  during  or  after  decoapresaion.  When  air  waa  breathed  at  8,000  ft 
before  deccspreaalon  there  waa  frequently  an  Increaae  In  aetiritj  In 
all  three  chnnnala  after  the  decospreaaion.  The  increaae  waa  uaually 
leaat  in  the  poaterlor  channel.  At  either  rate  of  decocpreaoion  the 
variance  index  waa  on  aTaraga  lower  when  the  oxygen  waa  delivered  at 
the  inst^tnt  of  daconpreasion  than  whan  it  waa  delivered  after  a delay 
of  8 aec. 


tabu:  6 


Kean  Valuea  for  Variance  Index 
for  yrequencT  Band  8-l6  Hx 


(eeg  activity  after  decorpreealon  \ 
eeg  activity  in  control  period  / 


Condition 

Kean  variance  index 

for  8-i6  Hz 

Anterior 

Channel 

Middle 

Channel 

Poaterlor 

Channel 

Rapid  decospreeaion 

Cbcygen  throughout 

1.0 

1.0 

1.2 

Oxygen  early 

2.2 

2.6 

2.1 

Oxygon  late 

‘*.5 

5.2 

2.9 

Slow  decoapreeaion 

Oxygen  throughout 

1.0 

1.1 

1.0 

Oxygen  early 

l.k 

2.1 

1.9 

Oxygen  late 

2.6 

2.2 

2.0 

Ihe  delay  between  the  beginning  of  the  decospreeaion  and  the 
firat  appearance  of  on  increaae  in  the  aigsal  variance  in  the  8-l6  Hz 
bemd  wai  Beaaurad  for  each  exixiaure.  Thia  interval  was  found  to  be 
unaffected  by  the  rate  of  decoapreeaion  or  the  tlae  at  which  oxygen  Vaa 
delivered.  Ihe  aean  Interval  between  the  beginning  of  the  dtcoa- 
preaelon  and  the  beginning  of  the  Increaae  of  eeg  activity  waa  15.2  aec 
(with  a SD  of  ^.8  aec). 

When  oxygen  delivery  waa  delayed  for  8 aec  after  a faat  decoa- 
preaaion  there  waa  alao  on  increaae  of  eeg  activity  in  the  lower 
frequency  banda.  The  emalyeia  of  a typical  experioent  ia  preaented  in 
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Fig  U,  Sosa  13  eec  following  the  daccxpraasion  thtra  was  a auddan 
incraase  of  activltj  is  tha  1>2.  2-J*  asd  h-&  Hs  besda  aa  well  aa  in 
the  8-16  Bz  band,  lha  large  incraaaa  in  activit?  in  tha  1-2  and  2-k 
Bz  bands  caasad  alsoet  aa  rapidly  as  it  had  begun  sons  15  see  later. 

DISCCSSIOM 


Alveolar  Ventilation  and  Eaaptred  Gaa  Tenaiona 

Ihe  alveolar  ventilation  recorded  during  the  control  period  before 
rapid  deconpreasicn  at  8,000  ft  (Table  3)  was  raiaadjas  coopared  with 
the  value  normally  obtained  in  resting  seated  subjects  (5>0  - 6.0 
l(btps)/cin).  This  alveolar  hyperventilation  was  reflected  in  the  low 
resting  values  obtained  for  the  period  (Fig  1).  These 

changes,  which  were  accentuated  during  the  30  sec  iiccediately  preceding 
the  decoopresaion,  were  independent  of  the  gas  breathed  during  this 
period.  They  were  due  to  the  subject's  awareness  that  deconpression 
was  issinent.  This  hyperventilation  increased  the  slightly  above 
that  norsially  found  in  resting  subjects  exposed  to  breathing  air  at 
8,000  ft, so  that  the  severity  of  the  hypoxia  induced  by  the  subsequent 
rapid  dsconpreselon  say  have  been  slightly  less  than  would  have  been 
the  case  in  the  absence  of  tbs  hyperventilation. 

Although,  when  air  was  breathed  until  the  decompression  to  to, 000 
ft, the  hose  attached  to  the  inlet  port  of  the  mask  was  filled  with 
oxygen  qt  a fixed  time  in  relation  to  the  beginning  of  decompression, 
the  actual  time  at  which  oxygen  first  entered  the  respiratory  tract 
varied  from  one  experiment  to  another.  Oxygen  did  not  enter  the 
respiratory  tract  until  the  inspiration  following  the  point  at  which 
tha  oxygen  supply  was  turned  on.  In  none  of  the  fast  decompressions 
did  the  subject  inspire  until  the  decompression  was  complete,  but 
with  the  slow  rate  of  decompression  most  subjects  had  taken  at  least 
one  inspiration  before  the  fall  in  environmental  pressure  had  ceased 
(Table  <t).  It  is  difficult  to  assess  bow  the  instructions  given  to 
each  subject  to  breaths  out  immediately  before  and  during  tha 
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Fis  <«.  E'fect  of  rapli  decocpreeolon  froa  8,00<'  feot  to  'O.OOO  feet 


in  '.b  OC',  with  oxvgeu  teliverj  delayed  to  8 oec  after  the  beglnr.lr^ 
of  the  deconpreaelon  upon  the  anterior  channel  of  the  eeg.  The  order 
of  preeentation  of  the  traces  in  thio  figure  la  the  ease  as  for  Mg  J. 
Note  the  rapid  increaoe  in  the  signal  variance  in  the  1 - 2 Hi  and 
2 . h Hi  bonds  of  the  ecg  in  the  period  15  - JO  eec  after  the  rapid 
decospressicn. 


I 


P««#  21 


d»coapr«s«loi:  influenced  bis  breathing  pattern  during  end  after  the 
decoapression.  It  is  unlikelj  that  the  instructions  had  anjr 
influence  in  the  fast  series  of  decospressions,bnt  they  sa;  have 
contributed  to  the  delar  between  the  beginning  of  djcoopression  and 
the  first  inspiration  in  the  slow  series.  In  the  breathing  aquipcent 
used  in  this  atudjr  the  dead  space  between  the  point  of  enti7  of  tbs 
ox7gen  aupp]7  and  the  nose  and  south  was  soall,  aaonnting  to  onljr 
100  ol.  Thus  the  coaposition  of  the  gas  entering  the  respiratory 
tract  on  the  first  inspiration  after  oxygen  had  been  turned  on 
approached  ^0O!t  oxygen,  and  all  subsequent  breaths  were  100)(  oxygen. 

The  decoopreesion  to  40,000  ft  produced  a narked  reduction  of  the 
PaC02  ^A02  1 priaary  cause  of  the  reduction  of 

these  gae  tensions  was  the  fall  of  the  total  gas  pressure  within  the 
respiratory  tract.  The  pattern  of  change  of  Pa<;02 
is  deterained  by  the  relationships  between  the  change  of  total  alveolar 
gas  pressure,  the  alveolar  ventilation  and  the  rate  at  which  carbon 
dioxide  enters  the  alveolar  gas  froo  the  pultsonary  capillary  blood 
(end  the  lung  parenebyBa).  This  rate  of  excretion  of  carbon  dioxide 
depends  in  turn  upon  the  Fco^  mixed  venous  blood  and  the 

cardiac  output. 

The  rate  of  fall  of  Pacq^  Induced  by  decompression  was  related 
directly  to  the  rate  of  fall  of  environment’ a pressure,  although  this 
did  not  affect  the  oiinlaua  value  reached  (Table  5)>  Ibe  influence  of 
the  time  of  delivery  of  oxygen  upon  the  time  course  and  magnitude  of 
the  changes  of  PACO2  by  a given  rate  of  decompression  was  due 

to  the  increased  degree  of  alveolar  hyperventilation  associated  with 
delay  in  the  delivery  of  oxygen.  When  the  hypoxic  stimulus  to 
respiration  had  been  removed  by  breathing  oxygen  at  40,000  ft, 
alveolar  ventilation  fell  to  the  minimus  recorded  during  the  experi- 
ment (Table  3),  and  this  change  was  associated  with  a rise  of  the 
PAcOj 

When  oxygen  was  breathed  at  8,000  ft  before  docompresaion  the 
did  not  fall  below  55  cm  fig  after  the  decompression  (Table  5). 
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The  prolongation  of  the  fall  of  following  the  ccspletion  of  the 
decospreaaion  in  thia  experinental  condition  vaa  due  to  the  concoeitant 
riae  of  (Fig  2).  Ihere  waa  a conaiderable  difference  between 

the  ainlnua  values  of  the  PA02  Induced  b?  the  two  ratea  of  decos- 
preasion  when  oxygen  waa  delivered  at  the  beginning  of  the 
deconpression  (^ble  5)*  Whilst  no  subject  inspired  during  the 
rapid  decoopresaionsi  in  the  slow  deconpression  each  subject  tooh  at 
least  one  breath  of  oxygen  whilst  the  environzental  pressure  was  still 
falling.  Thus,  in  the  slow  decoapressiona,  replacesent  of  nitrogen  by 
oxygen  had  begun  before  the  minimua  environnental  pressure  bad  been 
reached.  Ihe  difference  between  the  scan  values  of  tbs  ainioua 
produced  by  the  two  rates  of  decoopression  waa  less  narked  when  the 
delivery  of  oxygen  waa  delayed  until  8 sec  after  decespression.  In 
this  situation  with  the  slow  rate  of  deconpression  most  of  the  fall  of 
environsantal  pressure  was  cooplete  before  the  first  breath  of  oxygen 
was  takeni  so  that  the  Jntrapulsionary  pressure  Just  before  oxygen  was 
breathed  was  similar  with  the  two  rates  of  decompression. 

The  intensity  of  the  hypoxia  induced  by  rapid  decompression  to 
40,000  ft  when  air  was  breathed  at  8,000  ft  may  be  expressed  in  terms 
of  the  associated  changes  of  PA02*  Si»ce  both  the  magnitude  and  the 
time  course  of  the  reduction  of  P^g^  varied  with  the  experimental 
condition,  and  even  within  the  Individual  exposures  to  the  same 
condition,  the  expression  for  the  intensity  for  tbs  hypoxia  must  take 
accoiut  of  both  the  degree  and  the  dtuation  of  the  reduction  of  the 
PAq^.  a useful  measure  of  the  intensity  of  hypoxia  in  this  context 
is  the  time  integral  of  the  difference  between  the  observed  Paq^ 
a stated  value  of  P^g^  period  for  which  the  former  is  less  ■ 

than  the  latter.  Considerations  which  are  presented  later  in  this 
paper  led  to  the  selection  of  the  area  on  the  P^g^  ~ tiae  plot  bounded 
below  by  the  observed  curve  and  above  by  a horisontal  line  representing 
a PAg^  of  30  mm  Eg.  The  value  of  this  area  was  determined  from  the 
PAg2  - time  plot  for  each  experiment  and  the  individual  results  are 
presented  in  Table  ?•  There  was  a considerable  Viu-lation  in  the 
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intassit;  o'  the  h;pozia  produced  by  a glreo  experimental  condition. 

It  is  apparent,  however,  that  of  the  fc»ir  conditions  in  which  air  was 
breathed  before  deconpreooion  tt»  hjpoxia  was  least  when  oxygen  was 
cclitared  at  the  beginning  of  a alow  deconpression  and  greatest  when 
11  was  cot  delivered  until  8 sec  after  the  beginning  of  a fast  decon- 
pression.  I'aicg  this  measure,  the  intensity  of  the  hypoxia  induced 
wv  oxygen  delivery  at  8 sec  in  a slow  deccspresslon  was  conpnrabie  with 
that  associated  with  the  delivery  of  oxygen  at  the  beginnicg  of  a fast 
deconpreaaion  and  lay  between  the  extremes  found  in  the  two  other 
credit  .13. 

TABLE  7 


Intansitv 

of  Hypoxia  - 

Values 

of  Area 

below 

fiP2_ 

= 30  ca  Eg  on 

Tice  Curve 

Area  below  run 

^ = 30  =a  Hr  on  Patio 

- time  1 

curve  (aa  Eg  aec) 

-Ct 

“ 

Fast  deccaprecsion 

Slow  decoacression 

Oxygen  early 

Oxygen  late 

Oxygi 

sn  early 

Oxygen  late 

i / 

(C 

Ib0 

6 

72 

FP 

20 

106 

92 

5^ 

LF 

53 

126 

28 

LF 

26 

i80 

0 

58 

r;D 

?«( 

100 

8 

50 

hi 

5^ 

58 

0 

136 

Hean 

■'<8 

136 

20 

64 

Subjective  Disturbances 

Tile 

absence  of  any 

subjective  central  nervous  s 

yrtem  ditturbnnce 

when  oxygon  was  breathe'’  thi-oughout  an  oxperioont  {liable  l)  showed 
that  the  fall  of  Pac02  rapia  decoapression  was  not  the 

primary  cause  of  the  iopai.icent  of  consciousnees  and  vision  which 
occurred  when  air  was  breathed  before  the  decompression.  With  a given 
rate  of  decoopresaicn,  the  increase  of  the  intensity  of  hypoxia 
associated  with  delaying  the  delivery  of  oxygen  fron  the  beginning  of 
the  decompression  to  8 sec  later  waa  associated  with  a greater  degree 
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of  coni’osion.  Sran  in  the  czpcriacntal  condition  which  geve  the  leest 
degree  of  hjpoxia  as  ■sesurad  froB  the  changes  of  PAo^* 
decospr'jseion  with  the  iaxediate  deliTery  of  oxygen,  eonfosion  and  the 
dicaing  of  vlalcn  were  reported.  Althoogh  disaing  of  rision  occurred 
in  a proportion  of  each  of  the  conditions  in  which  air  was  breathed 
before  decompression,  gross  ispaiment  of  rision  onl^  occurred  when 
ozjgen  delirery  was  delated  until  8 sec  after  the  beginning  of  a rapid 
decompression. 


T^lier  studies  (Emsting,  1963b)  of  the  effects  of  the  h7pc:ba 
produced  b;  rapid  decompression  to  to, 000  ft  whilst  breathing  air 
shoved  that  the  first  eeg  change  consisted  of  the  appearance  of 
activit7  with  a frequency  of  8 to  13  Hz.  Inspection  of  the  records 
obtained  in  these  experiments  suggested  that  the  amount  of  eeg  activity 


was  related  to  the  intensity  of  the  hypoxia  as  Judged  from  the  changes 


of  the  Pao2'  advantages  of  the  fom  of  analysis  of  the  eeg 
employed  in  the  present  study  (Byford,  1965)  are  that  it  gives  a 
quantitative  expression  for  changes  of  eeg  activity  and  it  is 
possible  to  tlite  accurately  changes  of  act.'  'ty  and  relate  them  to 
other  physiological  events. 

Ihe  changes  of  eeg  activity  which  were  recorded  in  the  present 
investigation  occurred  in  the  8-l6  Ez  bemd  principally  in  the  anterior 
and  iiiddle  channels  (Table  6).  Some  increase  in  activity  in  this  band 
was  also  seen  in  the  posterior  channel,  particularly  with  the  more 
intense  hypoxia.  Cara  was  taken  to  ensure  that  there  was  a constant 
level  of  visual  tension  throughout  each  experiment.  Attention  was 
only  grossly  reduced  when,  in  some  of  the  fast  decompressions  with 
oxygen  delivery  at  8 sec,  vision  was  lost  completely. 

The  eeg  changes  associated  with  the  production  of  a uniform 
visuad  field  occxu:  principally  over  the  posterior  part  of  the  bead. 
Furtberrore,  the  absence  of  any  change  of  eeg  activity  in  the  control 
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•xparlaents, in  which  oxygen  wan  breathed  throughout  to  prevent  any 
increaae  of  hypoxia, given  aupport  to  the  hypotheaia  that  the  increana 
of  eeg  activity  in  the  8-l6  Ex  band  eeen  in  these  axperiaents  was  due 
to  cerebral  hypoxia.  Ihe  results  of  the  control  experisents  also 
Illustrate  that  as  in  the  case  of  subjective  disturhsnees  the  observed 
increase  of  eeg  activity  was  not  prisarily  due  to  hypocapnia. 

Ihe  eeg  shoved  no  increaae  of  activity  until  15  sac  after  the 
beginning  of  decospression.  Tne  magnitude  of  this  delay  was 
unaffected  by  the  rate  of  decompression  and  the  tine  at  which  oxygen 
was  delivered.  The  daisy  consisted  of  the  transit  time  for  blood  with 
a low  oxygen  content  to  pass  from  the  pulmonary  capillaries  to  the 
capillary  bed  in  the  relevant  region  of  the  brain,  the  time  taken  for 
cerebral  metabolism  to  reduce  the  cerebral  tissue  Fq^  to  the  level  at 
which  an  increase  of  eeg  activity  occurs  and  the  latency  of  the  eeg 
response  to  the  low  Po2<  Measurements  of  the  transit  time  from  the 
pulmonary  capillaries  to  the  ear  lobe, made  by  recording  the  oxygen 
saturation  of  the  blood  flowing  through  the  ear  following  a rapid  decom- 
pression whilst  Vieatning  air,  gave  a mean  transit  time  6.1  sec.  The 
transit  time  to  th-  certbral  capillary  bed  may  be  slightly  less  than 
iidB  value,  but  this  factor  accounts  for  at  least  a third  of  the 
total  delay  from  the  beginning  of  decompression  to  the  first  change  of 
eeg  activity.  The  oxygen  store  of  the  brain  has  been  estimated  by 
Kety  (1950)  t'  amount  to  approximately  ? ml.  At  the  normal  rate  of 
oxygon  consumption  this  store  would  be  exhausted  in  about  8 sec  and 
thus  the  cerebral  tissue  oxygen  tension  voald  be  expected  to  fall  to 
a very  low  value  within  6-8  sec  of  the  arrival  of  deoxygennted  blooc 
ir  tte  cerebral  capillaries.  There  is  no  information  available  with 
regard  to  the  latency  ol  the  teg  response  to  n reduction  of  cerebral 
tissue  oxygen  tension.  It  is  not  poss:bl9  therefore  to  distinguish 
tne  relative  contributions  of  the  depletion  of  the  cerebral  oxygon 
ctoje  and  the  latency  of  the  eeg  response  to  the  total  15  sec  delay. 

It  is  apparent  from  inspection  of  Table  6 that  the  magnitude  of 
the  increase  of  activity  in  the  8-16  Hx  band  of  the  eeg  following 
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rapid  decoapresaion,  as  Indicated  by  the  cean  values  o?  the  variance 
index,  was  related  to  the  intensity  of  the  hypoxia  induced  by  the 
specific  experinental  conditions.  Thus, the  conditions  givins  rise  to 
the  greatest  degree  of  hypoxia  as  judged  both  by  the  cagnitude  of  the 
fall  of  the  PA02  ^^8  2)  and  by  the  syaptons  (Table  1),  ie  the  late 
delivery  of  oxygen  after  the  fast  decoapression,  produced  on  average 
the  largest  increase  of  the  variance  index.  Various  estimates  of  the 
degree  of  bypoxia  have  been  explored  in  an  attespt  to  correlate  the 
changes  of  the  variance  index  with  the  hypori*  Only  a poor  corre- 
lation was  obtained  when  eitner  the  ainicua  value  of  the 

p;^Q2  several  tioe  intervals  following  Ihe  ir.itiation  of  the 

rapid  deconpression  was  used  as  a eeasure  of  tbe  intensity  of  the 
hypoxia. 

Since,  as  pointed  out  earlier  in  this  discussion,  the  Eeasure 
of  the  intensity  of  the  hypoxia  oust  ioJce  account  not  only  of  the 
degree  but  also  the  duration  of  the  reduction  of  PAq^  value  of 
using  the  area  on  the  Paqj  “ bounded  by  the  observed  curve 

and  a horizontal  line  representing  a specified  PA02 
investigated.  It  has  been  shown  (Emsting,  196?)  that  following 
decoopretaion  fron  8,000  ft  to  ^i0,000  ft  in  1.5  sec,  when  100S15  oxygjn 
ie  delivered  at  the  beginning  of  the  decospression,  a oinioua  concen- 
tration of  405^  oxygen  must  bo  breathed  at  8,000  ft  in  order  to  present 
eeg  changes.  It  can  be  calculated  (Emsting,  HcHordy  and  Eoxburgb, 
1960)  that  under  these  conditions  the  Paq^  will  fall  to  a oinioua  value 
of  30  mo  Hg.  It  was  decided  therefore  that  the  relationship  between 
the  area  on  the  PA02  “ plot  below  a PAq^  ot  y)  m Ug  and  the 
variance  index  of  the  eeg  (8-16  Hz)  should  be  investigated.  This 
relationship  is  presented  in  Fig  5 for  the  eeg  sctivity  recorded  froo 
the  frontal  pair  of  electrodes.  There  is  a good  linear  correlation 
(r  = 0.85;  p<  0.001).  A less  satisfactory  correlation  was  found 
between  the  variance  index  obtained  froo  the  middle  channel  of  the  eeg 
and  this  expression  of  the  intensity  of  the  bypoxia, whilst  there  was  a 
poor  correlation  between  the  eeg  activity  recorded  froo  the  posterior 
channel  and  the  area  on  the  PA02  " ti®e  plot. 
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fiR  S-  'T'ne  rolsiionchxp  for  indlviausl  expopurcc  het»>-cn  the  intensity 
of  hypoxia  inaurcd  by  ir.nld  deroTpresoio')  oreathiiig  nir  and  the  associa- 
ted ohaage  in  tno  frontal  cnarmel  of  the  eeg.  The  intenal ty  of  the 
c.'.ia  induced  by  the  deconpreesion  is  expressed  ac  the  ei'ea  beiov  an 
alveolar  Fcj  of  30  iot  Hg  on  the  plot  of  alveolar  POj  against  tir:e 
whilst  the  change  it  eeg  activity  is  expressed  as  the  variance  index 
fcr  the  8 - 16  Hz  bead  of  the  frontal  eeg.  The  equation  of  the  regres- 
sion line  is  y = C.03x  + C.?1  (r  = 0.85). 
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Ifce  valxwo  of  the  areaB  on  the  PA02  25  end  35  ®i  Eg  were 

also  detercined  and  the  relationships  investigated  between  these 
ceasures  of  the  intensitj  of  the  hypoxia  and  the  corresponding 
variance  indices  obtained  froz  the  frontal  channel.  It  was  found  that 
using  areas  below  either  PAo2'=  25  or  35  ■>  Eg  gave  a anch  less 
satisfactory  correlation  than  when  the  area  below  a level  of  PAq^  ' 

30  Ea  Eg  was  need.  Thus,  under  the  conditions  of  these  ezperisents 
there  is  a very  significant  correlation  between  thv  degree  of 
hypoxia  expressed  as  the  area  on  a Pao2  " plot  below  a Pxoz  of 

30  ea  Hg  and  the  sagnltude  of  the  conseqntnt  changes  in  the  vairiance 
index  for  the  &-16  Es  band  of  the  frontal  channel  of  the  eeg. 

Previous  workers  (Meyer  and  Watty,  1561)  who  have  studied  the 
effects  of  acute  hypjzia  upon  the  eeg  have  placed  eephasis  on  the 
appearance  of  the  bilateral  large  asplitude  slow  wave  activity  which 
begiiia  in  the  frontal  regicns  of  the  head  and  progresses  posteriorly. 
Whilst  this  type  of  activity  was  seen  eventually  in  the  present  study 
under  these  conditions  in  which  the  hypoxia  was  sost  severe,  ie  rapid 
deooopreeeion  with  the  late  delivery  of  oxygen,  the  initial  change  of 
eeg  activity  was  always  the  appearance  of  increased  activity  in  the 
8-16  Bi  band. 

Effect  of  Rate  of  Deconpreaaion 

The  effect  of  the  rate  of  decoopreasiou  upon  the  Intensity  of  tbs 
hypoxia  induced  by  rapid  iecoapreaeion  froa  8,000  ft  to  *t0,000  ft  can 
be  aeaeaaad  froa  the  changes  of  Paqj  2),  the  syaptoas  reported  by 
the  subjects  (Tabls  1),  and  the  eeg  changes  (Ikbls  b).  The  asan  valuts 
of  all  these  aeasures  following  rapid  decoapression  abow  that  prolonga- 
tion of  the  tiae  of  decoapreasion  froa  1.6  sac  to  12.0  sec  decreased 
the  intensity  of  the  hypoxia  whether  oxygen  was  delivered  to  the  aask 
iaaediately  the  decoapression  coaatneed  or  after  a delay  of  8 sec. 


ihers  was  no  significant  difference  between  the  tlsee  at  which 
the  first  inspiration  of  oxygen  was  taken  after  the  beginning  of  the 


6 

1 


P*««  29 

rapid  d*ccapr«MioB  is  tbt  fast  and  alow  dacoapraaaloaa  (labia  4). 

Ihoa  tha  graatar  iatanalty  of  faTpoxia  which  oecurrad  in  tha  faat  daeoa- 
praaaiona  ia  diractly  attrlbatabla  to  tha  acra  rapid  fall  of 
aBTiroaaantal  praaaora,  and  hanea  PA02  (^S  2)^  which  occnrrad  with  thia 
rata  of  daeoapraaaion. 

Thara  wara  two  occaaiona  in  tha  groop  of  alow  daeoapraaaiona  ia 
which  tha  intanaitj  of  tha  hypoxia  axcaadad  tha  aaaa  walnaa  obtainad 
with  tha  corraaponding  noainal  ozygaa  daliTary  tiaaa  in  tha  gronp  of 
faat  daeoapraaaiona.  On  thaaa  occaaiona  howtrar  tha  iatarrala  batwaan 
the  baginning  of  tha  daeoapraaaion  and  tha  flrat  inapiration  of  cxygan 
wara  tha  Icngaat  which  occnrrad  ia  tha  aarias.  Ihis  finding  eaphasixaa 
tha  inflttanca  of  tha  tiaa  interral, batwaan  tha  braathing  aquipaant 
baing  capabla  of  daliraring  100)(  oxygen  and  tha  next  inapiratoiy  affort 
by  the  aubJact,npon  tha  intensity  of  tha  hypoxia  induced  by  a rapid 
dacozprassion  froa  8)000  ft  to  40,000  ft  whan  air  is  braatbad  bafora 
tha  daeoapraaaion. 

Ihe  intensity  of  the  hypoxia  iniucad  by  r.ipid  decoaprasaion  ia 
12.0  sac  froa  8,000  ft  to  40,000  ft  whan  air  was  braathad  beforehand 
was  considerable.  Urns  aost  of  tha  subjects  reported  aantal  confusion 
and  sooe  also  had  diiuing  of  vision  (Table  1).  The  hypoxia  was  also 
sufficient  to  produce  significant  increases  of  the  variancs  index 
(8-16  Ha)  of  the  eeg  (Table  6).  rurtharaora,  the  area  on  a - 
tine  plot  below  a PAQj  = ?0  as  Bg  was  greater  when  oxygen  was 
delivered  lata  in  the  12.0  sec  decoapression  series  than  when  oxygen 
was  delivered  iaaadiately  in  tbs  1.6  see  dacoaprassion  expariaents 
(Table  7).  It  is  concluded,  therefore,  that  increasing  the  duration 
of  tha  dacoaprassion  froa  1.6  sac  to  12.0  sec  does  not  prevent  signifi- 
cant hypoxia  being  produced  by  the  decoapression  even  if  oxygen  is 
delivered  within  8 sec  of  the  beginning  of  tha  decoapression. 
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SOWUBY 


1.  Three  subjects  were  each  dacoaprassed  from  8,000  ft  to  40,000  ft 
under  six  different  axperiaental  conditions,  viz  duration  of  rapid 
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